The development of the technology of plant growth substances has resulted in the recognition of various chemicals which are useful in controlling various physiological processes in plants. One of the compounds which has been developed in this connection is maleic hydrazide 4 (1) .
Several investigators have proposed suggestions to explain the action of maleic hydrazide on plants. Naylor and Davis (2) and Isenberg et al (3, 4) suggest that maleic hydrazide is a respiratory inhibitor, at least at higher concentrations. Greulach and coworkers (5, 6) report that maleic hydrazide restricts growth primarily by inhibiting mitosis. Leopold and Klein (7) suggest that it is an antiauxin. Other investigators (8, 9) believe that maleic hydrazide inhibits plant growth by preventing normal phloem differentiation and subsequent translocation of carbohydrates.
Only Muir and Hansch (10) have proposed a chemical explanation of a possible mechanism whereby maleic hydrazide inhibits growth. They suggest that maleic hydrazide acts as a growth inhibitor by reacting with the free physiologically essential thiol groups. This suggestion seemed likely in view of certain observations in the literature. First, a variety of substituted a, /8 unsaturated lactones have been observed to inhibit growth in plants (11, 12) . Cavallito and Haskell (13) have further elucidated the mechanism of reaction between these lactones and cysteine, and have noted that free thiol group(s) do disappear with the formation of ring compounds. Second, Morgan and Friedman (14) noted that maleic acid, structurally related to maleic hydrazide, does react with a number of thiols. Hopkins and collaborators (15, 16) found that maleic acid reacted with the thiol groups of proteins and thereby inhibited succinic de- 4 Maleic hydrazide is named systematically as 1,2-dihydropyridazine-3,6-dione. hydrogenase activity. Although dehydrogenases in general do contain free thiol groups (17), some dehydrogenases investigated were not inhibited by the disappearance of free thiol groups. Maleic acid was effective in reducing succinic dehydrogenase action whereas other unsaturated acids, mesconic, citraconic, cis-cinnamic and trans-cinnamic, were without effect.
In order to learn if maleic hydrazide does inhibit growth by reacting with the free thiol groups, the interactions of maleic hydrazide with thiol compounds were investigated both in the presence and absence of plant tissue homogenates.
A technique similar to that used by Morgan and Friedman (14) was employed in this study. The influence of maleic hydrazide on the thiol was studied in two ways. First, the particular thiol compound and maleic hydrazide were prepared in a solution at a concentration of about 0.2 molar with respect to each substance (volume 50 ml) and at a pH of 7.0. Second, a tissue homogenate (10 gm) was used with maleic hydrazide and thiol compound at the same concentration and at the pH previously described. Radish leaf tissue which had been stored below 0°C was used as a source of biological material. Homogenates were prepared from this frozen material by macerating with two weight equivalents of water. A boiled homogenate was prepared by heating an aliquot of the homogenate in a boiling water bath for 10 minutes. The reaction mixtures, controls and reaction mixtures plus tissue homogenates were incubated up to 4 days at 370 C. To determine free thiol groups, 1.0 ml aliquots of the reaction mixture were taken at 0 time, and at definite time intervals after incubation. The amount of thiol in the aliquots was estimated by adding an excess of standard iodine solution and the excess iodine back titrated with standard thiosulfate using starch as the internal indicator.
Blank solutions contained only maleic hydrazide, thiol compound, or tissue homogenate in quantities equivalent to those used in the reaction mixtures. Maleic acid was used in place of maleic hydrazide under similar conditions as a check on the experimental procedure.
The data confirm the observation that thiols will SUMMARY The observation that thiols will form addition compounds with maleic acid was confirmed. However, maleic hydrazide, which is structurally related to maleic acid, does not react with thiol groups under conditions similar to those used for the addition of maleic acid to thiols. Studies using radish leaf tissue homogenate indicate that under the conditions studied there is no evidence of an enzyme system in these tissues capable of catalyzing the reaction of thiol radical with maleic hydrazide or converting the maleic hydrazide into a compound that would add to the thiol group.
LITERATURE CITED
Keys to deficiency symptoms with various elements known to be essential to the growth of higher plants have been published (1, 2, 5, 6, 8) . These have been of significant general service to physiologists. Some tabulations may have certain limitations for students of mineral nutrition when assembled from uncoordinated observations of numerous workers with diverse species under dissimilar cultural conditions. In studies of deficiency diseases in this laboratory the need for a critical survey of symptoms was recognized. The results of replicated series of experiments with a favorable test plant are reported.
MATERIALS AND METHODS
Experiments were carried out with tomato plants (Lycopersicum esculentum L.) during relatively early stages of rapid vegetative development. Treatments with and without intentional supply of single elements were replicated, and tested at least two separate times, so as to characterize the symptom as typical of the expected deficiency.
Germination and general cultural conditions are published elsewhere (3). In outline, germination was made over washed cheese cloth suspended over a dilute macronutrient supply contained in shallow Pyrex or polyethylene vessels. Seedlings were transferred at an early first-true-leaf stage of development (about 10 days) to solution culture media contained in 4 Micronutrient deficiency studies were made with a uniform macronutrient supply (4). Micronutrients were added as salts (without ethylenediamine tetraacetate) as described elsewhere (4), omitting that one concerned with the element under investigation. Here, all salts were doubly recrystallized prior to preparation of solutions. It has been observed, however, that pronounced deficiencies for all elements except molybdenum may obtain (at least at later stage of development) where current reagent grade salts are used.
The tomato plant was used throughout the study. This species was selected for several reasons. First, this plant has been used extensively in the past for mineral nutrition studies. Second, its morphology is such as to allow distinct separation of plant organs, for example, roots, stems and leaf petioles, leaf laminae, fruit, and seed. Third, the plant lends itself readily to radioautography, as a whole Gr in its parts. Fourth, under usual culture conditions, it is quite free of fungal and virus disease, and is fairly resistant to
